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Abstract 
For replacing the traditional used working fluids heat exchanger with alternative fluid which 
must have enhanced thermal properties as compared to traditional working fluids. This is 
done with the help of preparing the nanofluid which is made my adding the nanoparticels in 
the dispersed form to the base fluid which forms the colloidal solution with base fluid. The 
nanoparticle is to be selected such that it would be an ecofriendly and that do not cause any 
problem to the material hence zinc nanoparticles are selected as the material and the 
nanofluid prepared is called as zinc-water (Zn-H2O) nanofluid. This Zn-H2O nanofluid is 
characterized and prepared by the method called single step. With the help of theoretical 
knowledge gain from the literature survey thermo physical properties used for calculation 
are prepared. This calculation clearly shows the fact that the nanofluid prepared by using 
zinc is having enhanced properties with respect to the base fluid and it is good alternative to 
the existing working fluid which is used in different heat exchanging equipments. The Zn-H2O 
nanofluid is pumped through the equipment to calculate the performance at the turbulent 
flow condition by maintaining wall temperature constant. Pressure drop and heat transfer 
coefficient are evaluated from the experimental readings and both are nothing but the 
performance evaluation criteria for calculating the heat transfer. When we compared the Zn-
H2O nanofluid results with the water the enhancement observed in terms of the Nusselt 
number is about 83% and pressure drop is 9%.  
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List of Symbols 
                          
                                 
                     
As - Surface area m
2
 
Cp - Specific heat J/kg K  
D - Diameter of the test section considered 
in m 
f - Friction factor 
K - Thermal conductivity W/m K 
L - Length of the test section considered m 
Nu - Nusselt number 
Re - Reynolds number 
T - Temperature in Kelvin 
                            
                 
  
                                                
m - Mass flow rate kg/s 
 
Subscripts 
F – Fluid si – Surface inner so – Surface 
outer 
i – Inlet o – Outlet nf – Nanofluid c - Cross 
section   m - Logarithmic mean 
temperature difference  p – Particle 
 
INTRODUCTION 
For any type of heat exchanging 
equipment the use of working fluid is an 
integral part and depends upon suitability 
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If working fluid selected is with poor 
thermo physical properties then it will 
affect the various geometrical and working 
parameters of the equipment such as, 
pumping power requirement is increase, 
overall size and specification of heat 
exchanger increased. Therefore, there is 
need to research and develop and 
alternative working fluid with enhanced 
thermo physical properties. This is called 
as passive technique of development for 
this nanofluid is a good alternative. 
Nanofluid is a dispersed colloidal solution 
prepared my mixing of solid nanosize 
particles of metal to the suitable base fluid 
the size of the particle is less than 100 nm. 
  
Mintsa et al. [1], studied aluminum oxide 
and copper oxide nanofluid prepared with 
waster as base fluid and their result show 
that effective thermal conductivity of 
nanofluid is increasing with increasing 
temperature. Murshed et al. [2], studied the 
synthesis process along with the thermo 
physical properties of nanofluid also 
proposed theoretical models for convective 
film heat transfer for nanofluids. Jaeseen et 
al. [3], studied application of nanofluid to 
the circular tube for laminar and turbulent 
flow regime they used Al2O3–water 
nanofluid. Their research shows that single 
phase convective heat transfer is greater 
than two phase convective heat transfer. 
Buongiorno [4], studied and found 
Brownian diffusion and thermo physical 
properties of the nanoparticle and base 
fluid slip mechanisms, the decrement of 
viscosity along with thinning of laminar 
sub layer for convective heat transfer 
enhancement. Chandrashekhar et al. [5], 
investigated that when Al2O3–water 
nanofluid with 0.1 % volume fraction used 
in tube with wire coil inserts the 
enhancement observed in convective heat 
transfer coefficient is 12.24 % with no 
major pressure drop. Zhou and Rui [6], 
studied experimentally Al2O3–water 
nanofluid and found that specific heat of 
nanofluid is conformity with results of 
thermal equilibrium model. Jang and Choi 
[7] investigated the effect of different 
parameters on thermal conductivity 
nanofluid and predicted that the 
temperature, nanoparticle size and volume 
fraction have lot of effect on the thermal 
conductivity of nanofluid prepared. Anoop 
et al. [8], studied Al2O3–water nanofluid 
having different nanoparticle size and 
found that enhancement in h for low 
diameter particle is more than high 
diameter particle. Zeinali et al. [9], carried 
out experimental investigation on CuO– 
water and Al2O3 nanofluid flowing 
through tube in the laminar flow regime 
and their result shows that heat transfer 
coefficient for Al2O3 is higher than CuO. 
Csaba et al. [10] their experimental 
investigation shows 240 % augment in 
thermal conductivity parameter of single 
walled carbon nanotube-water nanofluid as 
compared to the water as a working fluid. 
Namburu et al. [11], studied numerically 
and establish the result that shows the 
Nusselt number enhancement is 36%. He 
et al. [12], investigated experimentally the 
TiO2–water nanofluid in a vertical copper 
tube for laminar and turbulent flow regime 
and found large augmentation in heat 
transfer while there is no change in the 
pressure drop as compared to the base 
fluid. 
 
From above, it is clear that there is 
requirement of using the passive heat 
transfer enhancement technique one of the 
method is the addition of nanoparticles in 
the base fluid and preparing the nanofluid 
which has higher thermal conductivity, 
viscosity, density but decrease in specific 
heat. This summarizes that nanofluid is 
having good thermo physical properties 
hence it is a good option for the current 
cold fluid or coolant used in heat transfer 
industries. These investigations also prove 
the fact that with augmentation in heat 
transfer coefficient there is very small 
pressure drop change observed. The 
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on effect of forced convective heat transfer 
to Zinc–Water (Zn–H2O) nanofluid under 
0.15% volume fraction when constant wall 
temperature is maintained [13]. 
 
PREPARATION, SYNTHESIS AND 
CHARACTERIZATION OF 
NANOFLUID 
From the literature studied we conclude 
that, nanofluids are synthesized by two 
methods one step and two step method. In 
one step method nanoparticles are 
synthesized directly in a base fluid and in a 
two step method nanoparticles are 
synthesized separately and physically 
mixed with base fluid. In this work, Zn–
H2O nanofluid is prepared by one step 
method i.e. metal vapour condensation 
method. The photograph shows the status 
of synthesized of synthesized Zn–H2O 
nanofluid Fig. 1 and 2.  
 
X-Ray Difrractometer (XRD), Scanning 
Electron Microscope (SEM) and Energy 
Dispersive Analysis of X-rays (EDAX) are 
used for characterization of synthesized 
nanofluid. The average particle size is 
determined from X-Ray diffraction pattern 
is identified as 42 nm. The nanofluid 
prepared is dark gray colure as shown in 
Fig. 1 and 2. Scanning electron 
microscope (SEM) is use for 
characterizing the shape of the 
nanoparticels. The nanoparticles are 
removed by filtration from the nanofluid 
and then their structures are observed 
under SEM and their images are captured 
and shown in Fig. 3 with images a to d. 
Fig. 3a indicates the occurrence of 
particles in aggregated form. The image 
shown in Fig. 3b represents the aggregate 
size of nanoparticle ranging from 2.83 to 
4.10 micrometer. Image 3c shows the 
needle shape of aggregated nanoparticles. 
Image 3d confirmed the presence of needle 
like structure of nanoparticles. 0.15% 
volume fraction of nanofluid is evaluated 
from the equation of density, i.e., equation 
3. Density bottle is used for the calculation 
of volume fraction of nanofluid.
 
 
Figure 1: Photographs of side view           Figure 2: Photographs of top view of 
of Zn–H2O nanofluid.                                        Zn–H2O nanofluid. 
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EXPERIMENTAL SET UP AND 
EXPERIMENTATION METHOD 
(TEST PROCEDURE) 
Experimental Set Up 
The experimental set-up consists of 
constant temperature heating bath, cooler, 
test section, auxiliary heater, collecting 
tank and pump etc., shown in Fig. 4 and is 
developed for finding out the inner surface 
heat transfer coefficient at maintain wall 
temperature constant. Test section tube is 
made up of stainless steel material whose 
inner diameter 5 mm and outer diameter of 
6.5 mm and length 500 m. Heating bath is 
made up of stainless steel material and it is 
insulated from outer side with fiber glass 
insulation and maintained at constant 
temperature. For heating the tank fluid i.e. 
water a heater is provided inside the tank. 
To stir the tank fluid continuously for 
avoiding any rise in the temperature 
gradient inside the tank fluid stirrer is also 
provided inside the tank. For cooling the 
hot fluid coming out of the test section 
separate cooler is provided. To obtain the 
continuous flow of fluid inside the set up a 
centrifugal pump is used. For heating the 
fluid flowing through the tube up to the 
inlet temperature an auxiliary heater is 
wounded around the tube. 
 
 
Figure 4: Experimental setup. 
 
A circulating fluid is pumped via test 
section which is mounted in a constant 
temperature heating bath through auxiliary 
heater and delivered to collecting tank 
after cooler. The auxiliary heater heat the 
fluid up to inlet temperature which is 
maintained constant by controlling power 
supply to heater by temperature controller 
by providing effective feedback to the 
system from the thermocouple of 
Resistance Temperature Detector (RTD) 
type provided at the exit section of heater. 
Test section is completely deep inside a 
bath fluid which is maintained at constant 
temperature heating bath. An additional 
temperature controller is used for 
marinating the bath temperature constant. 
Therefore, constant wall temperature 
situation required for heat transfer is 
achieved by maintaining the temperature 
of the fluid around the test section 
constant. To recirculate the fluid which 
gets heated inside the test section is cooled 
in a cooler. The cold fluid is return to 
collecting tank. 
 
For measuring the temperature of fluid at 
the inlet and outlet position of the test 
section two k-type thermocouples are 
used. To measure the surface temperature 
on the surface of test section four k-type 
thermocouples are used. The accuracy of 
temperature measurement by 
thermocouples is ±3 %. To measure 
pressure drop across the test section 
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used. A mass flow rate of the fluid is 
measured by collecting the fluid in a 
particular time and weighing with micro-
weighing machine. Uncertainty analysis is 
done for mass flow rate measurement and 
its value is accurate within ±3.5 % with 91 
% confidence level. 
 
Experimentation Method (Test 
Procedure) 
A rigorous experimentation has been 
carried out with 0.15 % volume fraction of 
Zn-H2O nanofluid and water. All the 
observations are noted after achieving the 
steady state condition. Inlet temperature 
range is from 30 to 35°C with surface 
temperature range from 70 to 90
0
C and the 
range of Reynolds number is from 2 X 10
3 
to 2 X 10
4
 for both water and Zn–H2O 
nanofluid. For calculating the heat transfer 
coefficient of water and Zn–H2O nanofluid 
the subsequent equation are used. 
      (     ) 
Where, q is heat gained by fluid while 
flowing through the test section. 
Inner surface temperature is calculated by 
using the measured value of outer surface 
temperature, 
   




)         
 
Where, Km is thermal conductivity and L 
is length of test section wall. 
With inner surface temperature 
logarithmic mean temperature difference is 
calculated as, 
     
(      )  (      )
  (
       
       
)
 
Heat transfer coefficient is calculated by 
energy equation considering the 
temperature of the fluid flowing through 
the test section vary logarithmically from: 
      (     )           (   ) 
Thermo physical properties for nanofluid 
are estimated by using available theoretical 
models suggested in the literature survey. 
Yimin and Wilfried [13], presented a 
model of Wasp (Eq. A) to calculate Knf 
and Einstein model (Eq. B) to calculate µnf 
(Eq. C) to calculate ρnf and (Eq. D) to 
calculate Cpnf. 
   
  
  
         (     )
        (     )
                    
   
 (       )                                      
    (    )  
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For data reduction and calculating 
dimensionless numbers all thermo physical 
properties are considered at bulk mean 
temperature. 
Reynolds number  
    
  
      
     
Nusselt number  
    
  
 
     
 
RESULTS AND DISCUSSION 
Heat Transfer Characteristic 
By calculating the values of K, ρ, Cp and µ 
for nanofluid from the equations A, B, C 
and D we can say K, ρ and µ values of 
nanofluid is greater than the values of base 
fluid water and Cp value of nanofluid is 
smaller than base fluid water. Different 
theoretical models available gives different 
values of K hence there is no consistency 
in estimated K values hence it is difficult 
to directly conclude enhancement due to 
nanofluid use hence experimental 
performance is very much needed. From 
the experimental observations various 
graphs are plotted as such, Reynolds 
number versus Nusselt number and 
Reynolds number versus    they are 
presented in Fig. 5 and 6. The nature of the 
graph matches with the heat transfer 
theories i.e. increase in Nu and    as Re 






24 Page 19-27 © MAT Journals 2019. All Rights Reserved 
 
Journal of Fluid Mechanics and Mechanical Design  
Volume 1 Issue 2  
 
Figure 5: Re versus Nu graph calculated from experimental readings. 
 
 
Figure 6: Re versus    graph calculated from experimental readings. 
 
By doing the regression analysis 
appropriate curve is fitted in the scatter 
diagram of experimental results shown in 
Fig. 5 and 6. For heat transfer 
characteristics analysis, with 75 % 
confidence level of regression analysis is 
completed then the it indicates that the 
most excellent fitted line for water is not 
overlapping the confidence band of most 
excellent fitted line of nanofluid and R
2
 
value is more than 0.6 for both water and 
nanofluid which indicates that there exist a 
correlation amongst the experimental 
results. Water and nanofluid 
experimentation is carried out with the 
same measuring instruments through 
common set up. Nanofluid results have 
shown more uncertain behaviour than 
water. The equations of best fitted curves 
along with correlation coefficient (R) for 
nanofluid and water are written by 
equations (E), (F), (G), and (H). 
                               
 
                                   
                             
 
                                 
             
       
               
                                  
            
      
               
                                   
                      values are 
estimated from the equation by keeping 
Reynolds number constant. For better 
understanding of the heat transfer and 
pressure drop enhancement, the graph of 
Re versus Nunf/Nuw and           is 
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Figure 7: Enhancement ratio v/s Re. 
 
The range of Re considered is 2,000 to 
20,000 in the step of 2,000 for determining 
the ratios. The nature of graph shows that 
the ratio of          is always greater 
than          indicating higher heat 
transfer enhancement than pressure drop 
enhancement.                       is 
having the value greater than one which 
indicates that heat transfer and pressure 
drop for the nanofluid is always more than 
water.          graph trend is increasing 
and           nature of graph is 
decreasing as per Re shows that the 
nanofluid is appropriate for higher mass 
flow rates. At higher Re, 
                      representing 
requisite for same pumping power as that 
of water. A large ratio of      
    compared to small           
indicates that nanofluid is having high heat 
transfer augmentation with minor pressure 
drop. Fig. 7 clearly indicates that 
augmentation in Nusselt number is higher 
than augmentation in pressure drop 
indicating enhancement of heat transfer 
with negligible  . 
  
Nanoparticles possess high surface energy 
and area to volume ratio. Due to Van Der 
Waal’s forces of attraction. Nanoparticles 
are always in aggregated form when 
dispersed in base fluid. When Re is less, 
nanoparticles will be flowing in 
aggregated form along with the fluid. 
When Re increase the flow becomes 
turbulence and hence the Nanoparticles 
separate out from aggregate form. From 
the literature study it is clear that at high 
velocity, turbulence created is high and the 
ability of the carrier fluid to keep the 
particle in suspension increases. 
 
Upward motion of eddy currents 
transverse to the main direction of flow of 
slurry is responsible for maintaining the 
suspension of particle. At very high 
turbulence the suspension is almost 
homogeneous. Brownian motion has a 
measure impact on nanofluid thermal 
conductivity As Re increases, turbulence 
increase hence nanoparticles will be 
separated from aggregates. The size of 
agglomerate goes on decreasing as Re 
increases thereby increasing homogeneity 
of nanofluid. Due to increased 
homogeneity k for nanofluid increases 
thereby increasing heat transfer 
coefficient. Brownian motion and K of the 
fluid in laminar sub layer will be more 
which enhances heat transfer coefficient. 
Gravity effect comes into play when 
particles are flowing in aggregated form 
and nnaoparticles settles as per the Stokes 
law which play a significant role thereby 
reducing the turbulence and increasing 
tendency of settling which reduces h for 
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Pressure drop characteristic for water and 
nanofluid is shown in Fig. 6. Water and 
nanofluid both having almost same 
pressure drop for the range of Re 
considered. Due to viscous effects in 
laminar sub layer frictional drag is 
developed and pressure drops along the 
length of the pipe. Surface to fluid 
interaction develops nano layer around the 
nanoparticles while flowing along with the 
fluid. The wall of the pipe experiences 
same frictional drag for nanofluid as that 
of base fluid due to nano layer around the 
nanoparticle and on the wall. This is the 
reason both the fluids are having almost 
same pressure drop. 
 
CONCLUSIONS 
Experimental analysis is done for 
calculating heat transfer and pressure drop 
characteristic of Zn–H2O nanofluid with 
0.15 % volume fraction and Reynolds 
number range 2,000–20,000 at constant 
wall temperature condition, when the 
fluids are being heated. The results shows 
that Nusselt number and pressure drop for 
the nanofluid is greater than water for the 
selected range of Re. The experimental 
findings of nanofluid after comparing with 
water shows heat transfer and pressure 
drop characteristic for the selected range 
of Reynolds number is 82 % augmentation 
in Nusselt number with 9% augmentation 
in pressure drop is observed. Nanofluid 
behaviour is more uncertain than water 
still the observations are noted with same 
set up and measuring instruments is 
obtained after performing the uncertainty 
analysis of experimental results of heat 
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